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(57) ABSTRACT 

A high density connector comprises a receptacle housing 
having a base Wall and at least one lateral Wall de?ning a 
cavity. The lateral Wall is con?gured to nest Within a plug 
housing. A high density array of female electrical contacts is 
arranged in the cavity Which are supported in the base Wall 
and extend unsupported above the base Wall to a given 
height. A single piece protection member is arranged in the 
cavity adjacent the base Wall. The protection member has an 
array of openings in Which the electrical contacts extend. 
The protection member has a thickness selected so that the 
electrical contacts do not extend beyond an outer face of the 
protection member. 
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HIGH DENSITY CONNECTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to electrical connec 
tors and more particularly to high I/O density connectors, 
having a loW-mated height. 

[0003] 2. Brief Description of Prior Developments 

[0004] The drive to reduce the siZe of electronic equip 
ment, particularly personal portable devices, and to add 
additional functions to such equipment, has resulted in an 
ongoing drive for miniaturiZation of all components, espe 
cially electrical connectors. Efforts to miniaturiZe connec 
tors have included reducing the pitch betWeen terminals in 
single or double roW linear connectors, so that a relatively 
high number of I/O or other lines can be interconnected by 
connectors that ?t Within tightly circumscribed areas on the 
circuit substrates allotted for receiving connectors. The drive 
for miniaturiZation has also been accompanied by a shift in 
preference to surface mount techniques (SMT) for mounting 
components on circuit boards. The con?uence of the increas 
ing use of SMT and the required ?ne pitch of linear 
connectors has resulted in approaching the limits of SMT for 
high volume, loW cost operations. Reducing the pitch of the 
terminals increases the risk of bridging adjacent solder pads 
or terminals during re?oW of the solder paste. 

[0005] To satisfy the need for increased I/O density, array 
connectors have been proposed. Such connectors have a tWo 
dimensional array of terminals mounted on an insulative 
substrate and can provide improved density. HoWever, these 
connectors present certain dif?culties With respect to attach 
ment to the circuit substrates by SMT techniques because the 
surface mount tails of most, if not all, of the terminals must 
be beneath the connector body. As a result, the mounting 
techniques used must be highly reliable because it is dif?cult 
to visually inspect the solder connections or repair them, if 
faulty. 
[0006] Another problem presented in soldering connectors 
to a substrate is that connectors often have insulative hous 
ings Which have relatively complex shapes, for example, 
ones having numerous cavities. Residual stresses in such 
thermoplastic housings can result from the molding process, 
from the build up of stress as a result of contact insertion, or 
a combination of both. These housings may become Warped 
or tWisted either initially or upon heating to temperatures 
necessary in SMT processes, such as temperatures necessary 
to re?oW the solder balls. Such Warping or tWisting of the 
housing can cause a dimensional mismatch betWeen the 
connector assembly and the PWB, resulting in unreliable 
soldering because the surface mounting elements, such as 
solder balls, are not suf?ciently in contact With the solder 
paste or close to the PWB prior to soldering. 

[0007] US. Pat. Nos. 6,024,584, 6,093,035, 6,079,991, 
6,164,983, 6,241,535, all to Lemke et al. and US. Pat. Nos. 
5,975,921, 6,241,536 all to Shuey, all assigned to the 
assignee of the present invention, are directed to solutions to 
these design challenges. The Lemke et al. patents and the 
Shuey patent are speci?cally incorporated by reference 
herein, in their entirety. The drive for reduced connector siZe 
relates not only to footprint dimensions but also to mated 
connector height. As electrical equipment shrinks in siZe, the 
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necessity arises for stacking circuit boards closer together. 
This invention concerns high density connectors, particu 
larly loW pro?le connectors for reducing the spacing 
betWeen stacked circuit boards. The Lemke et al. 584’, 035’, 
991’, and 983’ patents each shoW a receptacle connector 
Without a peripheral Wall. The receptacle has a snap on plate 
for protecting female electrical contacts Which otherWise 
Would extend above the base of the receptacle. 

[0008] US. Pat. Nos. 5,692,917, 5,746,622 and 5,888,101, 
illustrate the use of certain types of inserts in electrical 
connectors. US. Pat. No. 5,215,474, shoWs a certain pro 
tector design surrounding pins of a connector. US. Pat. No. 
5,026,295, shoWs a certain cover for protecting terminals. 
US. Pat. No. 5,876,217, shoWs terminals recessed beneath 
connector housings. US. Pat. No. 4,793,816, discloses a tWo 
piece protector for use With a connector having exposed 
terminals. US. Pat. No. 5,637,019, shoWs an electrical 
connector With exposed electrical contacts. 

[0009] There is a need for electrical connectors With high 
I/O (input/output) density and a loW pro?le, Which also 
provide excellent thermal stability during soldering. 

SUMMARY OF THE INVENTION 

[0010] Electrical connectors according to the present 
invention provide high I/O density and a loW pro?le for 
providing reduced stacking height betWeen circuit boards 
and improved thermal stability during soldering to a circuit 
board. 

[0011] In accordance With a preferred embodiment of this 
invention, a high density connector comprises a receptacle 
housing having a base Wall and at least one lateral Wall 
de?ning a cavity. The lateral Wall is con?gured to nest Within 
a plug housing. A high density array of female electrical 
contacts is arranged in the cavity Which are supported in the 
base Wall and extend unsupported above the base Wall to a 
given height. A single piece protection member is arranged 
in the cavity adjacent the base Wall. The protection member 
has an array of openings in Which the electrical contacts 
extend. The protection member has a thickness selected so 
that the electrical contacts do not extend beyond an outer 
face of the protection member. 

[0012] The electrical contacts de?ect upon insertion of a 
corresponding male contact of the plug housing and the 
openings are con?gured to permit full operation of the 
contacts including such de?ection. The protection member 
preferably comprises a plate like member Which is in contact 
With the base Wall of the receptacle. 

[0013] In accordance With a further preferred embodiment 
of this invention the at least one lateral Wall of the receptacle 
housing includes at a free edge thereof a guide surface for 
guiding the receptacle housing into a cavity of the plug 
housing and the connector further includes a plug housing 
having a base Wall and at least one lateral Wall de?ning a 
cavity. The lateral Wall of the plug housing is preferably 
con?gured receive the lateral Wall of the receptacle housing 
in a nested con?guration. A high density array of male 
electrical contacts is arranged in the plug housing cavity. 
The male contacts are supported in the base Wall of the plug 
housing and extending unsupported above the base Wall to 
a desired height so that When the receptacle housing is 
nested in the plug housing the male contacts are engaged 
With the female contacts. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The method and connector of the present invention 
is further described With reference to the accompanying 
drawings in Which: 

[0015] FIG. 1 is a top plan vieW of a plug connector 
embodying the present invention; 

[0016] FIG. 2 is an enlarged vieW of the area Aof the plug 
shoWn in FIG. 1; 

[0017] FIG. 3 is a cross section of the area shoWn in FIG. 
2 taken in the direction of line 3-3 in FIG. 2; 

[0018] FIG. 4 is a partial perspective vieW of the plug area 
shoWn in FIG. 2. 

[0019] FIG. 5 is a partially cut aWay cross sectional vieW 
of the plug element shoWn in FIGS. 1-4 mated With a 
receptacle and mounted betWeen stacked circuit substrates; 

[0020] FIG. 6 is a partially cut aWay cross sectional vieW 
of the receptacle and plug shoWn in FIG. 5 in an orientation 
normal to that shoWn in FIG. 5; 

[0021] FIG. 7 is an elevational vieW of the receptacle 
contact terminal shoWn in FIGS. 5 and 6; 

[0022] FIG. 8 is a side vieW of the receptacle contact 
terminal shoWn in FIG. 7; 

[0023] FIG. 9 is a top vieW of the receptacle contact 
terminal shoWn in FIGS. 7 and 8; 

[0024] FIG. 10 is an elevational vieW of a second embodi 
ment of the receptacle contact terminal; 

[0025] FIG. 11 is a cut aWay cross sectional vieW along 
line 10-10 of FIG. 10 of the retention section of the contact 
terminal retained in a passage. 

[0026] FIG. 12 is an exploded perspective vieW of a 
receptacle connector embodying the present invention and 
optional cover member; 

[0027] FIG. 13 is an enlarged perspective vieW of the area 
B of the plug shoWn in FIG. 12; 

[0028] FIG. 14 is a perspective vieW of a protective 
member in accordance With a preferred embodiment of the 
invention; and 

[0029] FIG. 15 is an enlarged partial perspective vieW of 
the protective member of FIG. 14. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] While the present invention Will hereinafter be 
described in connection With preferred embodiments 
thereof, it Will be understood that it is not intended to limit 
the invention to that embodiment. On the contrary, it is 
intended to cover all alternatives, modi?cations and equiva 
lents as may be included Within the spirit and scope of the 
invention as de?ned by the appended claims. 

[0031] FIG. 1 shoWs an exemplary embodiment of a plug 
connector 20 Which has been modi?ed compared to the plug 
connector described in US. Pat. No. 6,241,535, Which is 
incorporated by reference herein in its entirety. The plug 
connector 20 has a connector body or housing comprising a 
substantially planar base member 22 and at least one lateral 
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Wall 24. Preferably the Wall 24 is a unitary surrounding 
peripheral Wall 24 although it could be made up of one or 
more segments. On each end Wall there are polariZing/ 
alignment slots 26 upstanding from the Wall 24 to assure 
proper mating of the plug connector 20 With its companion 
receptacle connector 52, described later. Preferably the 
connector body is formed as an integral one piece part by 
molding an insulative polymer. Preferably, the polymer is 
one capable of Withstanding SMT (Surface Mount Technol 
ogy) re?oW temperatures, for example, a liquid crystal 
polymer. 
[0032] The plug connector 20 includes an array of plug 
contact terminals 28 that are retained in a desired pattern, 
such as a tWo dimensional matrix or array, on the connector 

base 22. For purposes of simplicity of the draWing, only a 
feW of the terminal sites are shoWn. 

[0033] Referring to FIG. 3, in accordance With this pre 
ferred embodiment each plug terminal 28 comprises a 
substantially planar contact terminal having a mating section 
30 for mating With a receptacle contact terminal 72, to be 
later described. Plug terminal 28 also includes a retention 
section 32 adapted to be retained in the connector base or 
body 22 in a manner that Will hereinafter be described. The 
retention section 32 includes a pair of opposed shoulders 34 
against Which an insertion tool is applied to insert the 
terminal 28 into a terminal passage 38 formed in the 
connector body 22. Burrs or barbs (not shoWn) can also be 
formed at shoulders 34 to aid in retention of the terminal in 
the passage 38. A solder tab 36 extends from the retention 
section 32 through slot-shaped opening 53 at the bottom of 
the passage 38 and is adapted to have a fusible substrate 
contact mass or body, such as solder ball 35, fused thereon. 
Preferably, the lead edge of the solder tab is beveled toWard 
its tip on one or both sides of the terminal, as by chamfer or 
bevel 37. Solder balls 35 are fused onto plug terminals 28 
and receptacle terminals 72 (described later) by techniques 
described in the Lemke et al. and Shuey patents noted 
previously in the Background section. As illustrated in FIG. 
3, the contact terminal 28 is retained in the terminal passage 
38 formed in the connector body 22. The passage 38 extends 
from a mating interface or surface 40 toWard a mounting 
surface 42. A recess such as a Well or pocket 50 is formed 
in the mounting surface 42 in alignment and communication 
With each passage 38 through slot opening 53. The mating 
contact section 30 extends outWardly from the mating inter 
face 40. The solder tab 36 extends into the pocket 50. 

[0034] The terminal 28 is positioned substantially in align 
ment With a medial plane MP (FIG. 2) of the passage 38. 
The terminal contacts 28 are secured in the body 22 in a 
manner to avoid the inducing of stress into the molded 
plastic body upon insertion of the terminals. This objective 
is achieved in the preferred embodiment by the utiliZation of 
the opposed projections 48. A lead-in surface 49 is formed 
at the top of each projection 48. The distance betWeen the 
distal portions of the projections 48 is less than the thickness 
of the metal terminal 28 thereby creating an interference ?t. 
Thus the distal portion of each projection 48 is engaged and 
deformed by the contact terminal as the terminal 28 is 
inserted into the passage 38 and slot 53. Preferably, the distal 
positions of projections 48 are spaced equidistant from the 
medial plane MP, so that there is substantially equal amounts 
of deformation of each projection upon insertion of the 
terminal. As a result, the normal forces against terminal 
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retention section 32 are substantially balanced, thereby 
aiding in alignment along medial plane MP. The contact 
terminal is securely held in the passage 38 and slot 53 by the 
normal force eXerted on the contact terminal by the 
deformed projections. The lead-in surfaces 49 and beveled 
tips 37 reduce the likelihood of skiving of the projection 48 
during insertion, thereby minimiZing the removal of material 
from the projection 48. The distal portion of each projection 
48 deforms and develops a retention force, but one that is 
localiZed, so that accumulation of stresses in the housing is 
avoided. The provision of a pair of opposed, substantially 
identical projections 48, equidistant from medial plane MP 
aids in close tolerance positioning of the contact terminal 28 
along the medial plane MP. 

[0035] One of the advantages of the terminal retention 
structure illustrated in FIG. 3 is believed to arise from the 
situation that after re?oW to attach the solder ball 35 to the 
terminal 28, the terminal is secured in housing 20 in a locked 
condition under close to “Zero clearance” conditions. This 
results from the folloWing conditions. The terminal 28 is 
“bottomed” in passage 38 by inserting the terminal until 
bottom shoulders 33 engage passage bottom surfaces 39. 
This locates the terminal 28 in a vertical doWnWard position, 
With respect to the vieW of FIG. 3. After re?oW to attach the 
solder mass 35 onto tab 36, by techniques described, for 
eXample, in the previously noted Lemke et al. and Shuey 
patents incorporated by reference herein in their entireties, 
the solder ball and/or solder paste disposed in pocket 50 
form a mass that ?lls and conforms to the shape of the pocket 
50. Thus, the re?oWed solder mass 35 serves to prevent 
movement of the terminal 28 upWard (in the FIG. 3 sense) 
out of passage 38. 

[0036] The terminal 28 is located in side to side directions 
by engagement of side edges 43 of the retention section 32 
against the lateral side Walls 41 of the passage 38. Preferably 
side Walls 41 and side edges 43 have a matching taper, as 
shoWn, to aid in true positioning of terminal 28. Turning to 
FIGS. 2 and 4, the terminal 28 is held centrally positioned 
Within passage 38 (in the left to right directions in FIG. 2) 
by the opposed projections 48. This results in the location of 
terminal 28 in housing 22 under tolerance conditions that 
approach tolerances achieved in insert molding. The 
improved overall, achievable tolerance levels result from 
minimiZation of clearances that are normally present When 
metal terminals are post-inserted into a plastic housing. That 
is, positional tolerances are lessened, leaving ?t tolerances 
(the tolerances betWeen mating connectors) as the principal 
tolerance to be accommodated in the parts. The terminal 
pitch is maintained during insertion as if the terminals are 
still mounted on a carrier strip. The close pitch tolerance 
achieved during the terminal blanking operations is substan 
tially maintained after terminal insertion, by employment of 
the contact retention system disclosed above. 

[0037] While the cross sectional shape of the projections 
48 shoWn in FIGS. 2 and 3 is preferred, projections or ribs 
of any suitable shape and siZe may be employed. The 
deformation of the projections 48 by the terminals 28 create 
frictional forces suf?cient to hold the position of the termi 
nals in the housing prior to re?oW of the solder balls 35. 

[0038] The con?guration of the base 22 of the housing 20 
in this embodiment differs from the Lemke et al and Shuey 
patents noted in the Background in that the connector base 
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22 has been thinned out to make room for the protection 
member 100 of this invention, Which is included as part of 
the receptacle connector 72, to be describe later. The height 
of the terminal mating section 30 has been increased While 
the length of the retention section 32 has been decreased. 
Similarly, the side edges 43 of the retention section and the 
lateral side Walls 41 of the passage 38 have been shortened. 
Even though the retention section 32 has been shortened as 
compared to the Lemke et al. and Shuey patents the pro 
jections 48 engaging the terminals 28 still create frictional 
forces sufficient to hold the position of the terminals in the 
housing prior to re?oW of the solder balls 35. This results as 
previously noted in the location of terminals 28 in housing 
22 under tolerance conditions that approach tolerances 
achieved in insert molding. 

[0039] Adjacent each of the passages 38 are one or more 
tip receiving regions 44, 46 that are adapted to receive the 
distal portions of mating receptacle contact terminals 72. As 
shoWn, the recesses 44, 46 are formed With one side con 
tiguous With the passages 38. In the embodiment shoWn in 
FIGS. 2-4, the recesses are on opposite sides of the medial 
plane MP. These recesses are also laterally offset from each 
other, that is, they are on opposite sides of a central plane 47 
that is orthogonal to the medial plane MP. 

[0040] Referring to FIGS. 1, 5, 6 and 12, a receptacle 
connector 52 in accordance With one embodiment of the 
invention for mating With the plug connector 20 is illus 
trated. The receptacle connector housing 52 includes a body 
or base member 54, preferably formed of the same insulative 
molded polymer as plug connector 20. Surrounding the base 
member 54 is a peripheral Wall 56 formed as part of a unitary 
housing With said base member 54. If desired, the lateral 
Wall 56 may be a separate element from the base member 54 
and/or it can be made up of one or more segments. If desired 
it can include tabs 57 as in FIG. 12 for insertion into the 
polariZing/locating slots 26 of the plug connector 20. Alter 
natively, the slots 26 and tabs 57 can be reversed so that slots 
are located in the receptacle 52 Wall 56 and the tabs are 
located in the plug 20 Wall 24. Additional tabs 59 may be 
included in the peripheral Wall 56 as shoWn in FIG. 12, 
Which are arranged to slide in corresponding slots 61 as 
shoWn in FIG. 1, in the plug housing 20 peripheral Wall 24. 
These additional tabs 59 and slots 61 help to guide the 
receptacle 52 into the plug housing 20 by keeping the 
receptacle 52 from cocking as it is inserted. 

[0041] The base or body member 54 includes receptacle 
passages 62 for receiving of receptacle terminals 72. When 
utiliZing receptacle terminals 72 of the type illustrated in 
FIGS. 5-9, the passages 62 preferably include opposed relief 
areas 64 for accommodating receipt of plug terminal 28 in 
the formed contact arms 78a, 78b. The relief areas 64 are 
preferably formed With lead-in surfaces 65 that eXtend and 
include the top portions of the projections 68. The passages 
62 also include side Walls 66. Opposed terminal retention 
projections 68 eXtend from the side Walls 66 toWard base 
sections 76 of the receptacle terminals 72. The projections 
68 are deformed upon insertion of the receptacle terminals 
72 in the same manner as described above With respect to the 
projections 48 in the plug connector 20. The chamfer 87 of 
tips 88 and lead-in surfaces 65 aid in achieving deformation 
rather than removal of the distal portions of the projections 
68, as previously described in connection With FIG. 3. 
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[0042] Each receptacle passage 62 extends from the inter 
face or surface 58 of body 54 to a Well or pocket 70 formed 
in the mounting interface or surface 60. As shown in FIGS. 
5 and 6, the pockets 70 are adapted to receive a substrate 
contact mass, such as solder balls 74 that are fused to the 
terminals 72 and substantially ?ll and conform to the shape 
of the pocket 70. Thus the receptacle terminals are retained 
and located substantially in the same manner as plug termi 
nals 28. 

[0043] As illustrated in FIGS. 5 and 6, the con?gurations 
of the plug and connector bodies 22 and 54 and the con 
?gurations of the plug contact terminals 28 and receptacle 
contact terminals 72 alloW a loW height for the mated 
connectors. This in turn alloWs the stacking height T 
betWeen stacked circuit substrates S to be minimized after a 
second re?oW of the solder balls 35a and 74a. 

[0044] Turning noW to FIGS. 7-9, the receptacle terminal 
72 is described in further detail. Each receptacle contact 
terminal includes a base portion 76 and a pair of cantilevered 
spring contact arms 78a, 78b. As shoWn in FIG. 9, the base 
portion 76 is substantially planar and can be considered as 
de?ning a longitudinally extending central plane P of the 
contact. As shoWn in FIG. 9, each of the contact arms 78a, 
78b diverges oppositely from the plane P in the central 
region of the contact arms to form betWeen them a bight 79, 
Which is spaced from the bottom 86 of the gap located 
betWeen the tWo contact arms 

[0045] The distal portions of the arms 78a, 78b then 
converge toWard the plane P to form contact sections 80 for 
engaging the plug terminals. Lead-in portions 82 are formed 
at the ends of the arms 78a, 78b to aid in mating With the 
plug contact 28. A sharp shoulder 84 is formed intermediate 
the ends of each of the arms 78a, 78b. The sharp shoulder 
acts as a barb to aid in retention of the terminal Within the 
passage 62. These shoulders, as Well as the shoulders 34 of 
plug contacts 28 are engaged by tooling to insert the metal 
contacts into the respective plastic bodies. The sharp corners 
aid in retaining the terminals in the respective passages. 

[0046] The use of the laterally offset contact arms 78a, 78b 
provides numerous advantages including minimiZation of 
the front-to-back dimension of the terminal, even When 
de?ected by the entry of the plug contact 28 betWeen the tWo 
arms 78a, 78b. Further, the utiliZation of the terminal 
retention projections 68 as shoWn in FIGS. 5 and 6 alloWs 
a maXimiZation of the length of the contact arm 78a, 78b 
thereby alloWing the development of suitable amounts of 
de?ection to generate appropriate contact normal forces and 
sufficient contact Wipe. 

[0047] As shoWn in FIG. 8, a solder tab 88 projects from 
the base section 76. In a preferred form, the solder tab 88 is 
adapted to have a solder ball fused onto it. As previously 
discussed in connection With plug terminal 28, the leading 
edge of the terminal 72 is provided With appropriate lead-in 
structure, such as chamfered surfaces 87. The base section 
may be provided With thermal break structure to minimiZe 
solder Wicking from the pocket 70 onto the terminal. As 
shoWn in FIG. 7, the thermal break structure can comprise 
a pair of openings 89. This structure may be used in 
conjunction With the formation of a passivated surface on 
base section 76 or the application of other appropriate 
conventional anti-solder Wicking or masking coatings, such 
as organo-?uoro polymers as are knoWn in the art. The 
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thermal breaks, With or Without passivation and/or anti 
Wicking or solder masking coatings, retard the How of solder 
along the contact, When solder paste in pocket 70 is re?oWed 
to secure the solder ball 74 on the solder tab 88. The plug 
terminal 28 may also include such anti-solder Wicking or 
masking adjuncts as thermal breaks, passivation, coatings or 
any desired combination thereof. 

[0048] Referring to FIGS. 10 and 11, an alternative 
structure is shoWn for retaining terminals, such as the 
receptacle contact terminals 90 in a connector housing. In 
this embodiment, passages 91 are formed to receive the 
terminals 90. Within each of the passages 91, one or more 
projections 94 are formed to eXtend from the side Walls of 
the passage. Each terminal has an opening 96 that is siZed 
and shaped to receive at least a portion of one or both of the 
projections 94. Ideally, the shape of the opening 96 corre 
sponds to the shape of the projections 94, so that the terminal 
is constrained by the projections against sideWays and 
longitudinal movement, as Well as front to back movement. 
The distal portions of the projections 94 are spaced apart a 
distance less than the thickness of the material from Which 
the terminal 90 is formed and preferably equidistant from 
the medial plane MP. 

[0049] Upon insertion of the terminal 90 into the passage 
91, the projections 94 are deformed or spread slightly by the 
terminal tip or solder tab 98. The beveled or chamfered 
surface 95 reduces the tendency of the solder tab 98 to skive 
the distal portions of the projections 94. When the terminals 
are in a fully inserted position, the projections 94 are aligned 
With the opening 96 and the distal portions thereof enter the 
opening 96. As a result, any stress imparted on the connector 
body is localiZed to the distal regions of the projections 94. 
Because a signi?cant portion of the stress is relieved When 
the projections 94 enter opening 96, there is avoidance of 
stress build up that could cause Warpage or boWing of the 
connector body. Preferably, the longitudinal cross section of 
retention section 92 is substantially symmetrical about a 
central longitudinal plane, so that there is a self-centering 
action imposed on the contact terminal 90 as the base 92 is 
inserted into the passage 91. The opening 96 also can 
function as a thermal break to retard solder Wicking, in the 
same manner as openings 89 in the FIGS. 7-9 embodiment. 
The terminal 90 may also include passivation or anti 
Wicking coatings to prevent solder ?oW toWard the contact 
sections. 

[0050] The receptacle connector 52 described above is 
similar in most respects to the one disclosed in US. Pat. No. 
6,241,535 Which has been incorporated by reference in its 
entirety herein. While this receptacle connector 52 repre 
sents a preferred embodiment of this invention, the inven 
tion is applicable to a Wide variety of high density connec 
tors, particularly loW pro?le connectors. 

[0051] In accordance With an embodiment of the inven 
tion, a high density connector comprises plug housing 20 as 
in FIGS. 1-6 and a receptacle housing as in FIGS. 5-15. The 
receptacle housing 52 has a base Wall 54 and at least one 
lateral Wall 56 de?ning a cavity 55. The lateral Wall 56 is 
con?gured to nest Within the plug housing 20. Ahigh density 
array of female electrical contacts 72 is arranged in the 
cavity 57. The contacts 72 are supported in the base Wall 54 
and eXtend unsupported above the base Wall to a given 
height. This invention is adapted to protect such unsupported 
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contacts 72 from being bent or misaligned during handling 
prior to the connection of the receptacle 52 to the plug 20. 

[0052] In accordance With an embodiment of this inven 
tion, such protection is provided by at least one protection 
member 100, Which is arranged in the cavity 57 adjacent the 
interface 58. Preferably the protection member is a single 
piece member. The protection member 100 has an array of 
openings 102 into Which the electrical contacts 72 eXtend. 
The protection member 100 has a thickness selected so that 
the electrical contacts 72 do not eXtend generally beyond an 
outer most surface 104 of the protection member. 

[0053] The protection member 100 may have from about 
100 to about 400 or more openings 102 arranged in an array 
comprising a plurality of roWs 106 and columns 108 in 
correspondence With the array of contacts 72 in the recep 
tacle member 52. The electrical contacts 72 de?ect upon 
insertion of a corresponding male contact 28 of the plug 
housing 52 and therefore the openings 102 are con?gured to 
permit full operation of the contacts including such de?ec 
tion. The protection member 100 generally comprises a 
single piece plate like member Which is arranged in contact 
With the base member or surface 54. 

[0054] At least one portion 110 of the protection member 
100 is adapted to secure the protection member 100 Within 
the cavity 57. The at least one portion 110 of the protection 
member 100 preferably comprises a tab 110 adapted to snap 
?t into a slot 111 in the lateral Wall 56 of the receptacle 52 
such as into a recess in the Wall (not shoWn). Alternatively 
the lateral Wall 56 could include a latch projection (not 
shoWn) Within the cavity 55 for engaging the tab portion 110 
of the protection member 100 to secure the protection 
member 100 to the receptacle 52. Preferably a plurality of 
portions 110 are arranged about the periphery of the pro 
tection member and at least along both long sides thereof. 

[0055] The connector 20 and 52 of this invention is 
capable of operation Without the protection member. The at 
least one lateral Wall 56 of the receptacle 52 preferably 
includes at a free edge thereof a guide surface 112 Which 
interacts With the guide surface 113 of the plug housing 20 
for guiding the receptacle housing into the cavity 114 of the 
plug housing 20 as shoWn in FIGS. 5 and 6. 

[0056] The lateral Wall 24 of the plug housing is con?g 
ured to receive the lateral Wall 56 of the receptacle housing 
52 in a nested con?guration. When the receptacle housing 52 
is nested in the plug housing 20 the male contacts 28 are 
engaged by respective female contacts 72. As previously 
described the lateral Wall 56 of the receptacle 52 includes a 
plurality of projections 59 from the outside of the Wall Which 
eXtend transverse to a plane of the base Wall 54 of the 
receptacle housing. Similarly, the lateral Wall 24 of the plug 
housing 20 includes a corresponding plurality of slots 61 
internally of the cavity 114 for receiving the projections 59. 

[0057] In use for example, as shoWn in FIG. 5, the 
receptacle housing 52 is mounted to a ?rst circuit board 116 
and the plug housing 20 is mounted to a second circuit board 
118 so that the connector provides a loW pro?le electrical 
connection betWeen the circuit boards 116 and 118. 

[0058] Referring noW to FIGS. 12 to 15, the protection 
member 100 Will be described in greater detail. The protec 
tion member 100 comprises a support lattice 120 comprising 
beams 122 in the column direction and cross beams 124 in 
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the roW direction. The beams 122 are arranged generally 
perpendicular to the beams 124 to form the lattice 120. The 
beams 122 are arranged so that When the protection member 
100 is attached to the receptacle 52 the beams 122 lie 
betWeen columns 108 of contacts 72. The beams 124 are 
arranged so that When the protection member 100 is attached 
to the receptacle 52 the beams 124 lie betWeen roWs 106 of 
contacts 72. At respective intersections of the beams 122 and 
beams 124 an unitary and integral projection 126 is pro 
vided. From the top vieW the projections have an “S” like 
shape comprised of an elongated central portion 128 and a 
side portion 130 arranged on each side 132,134 of the central 
portion 128. The side portion 130 on the side 132 of the 
central portion 128 is staggered relative to the side portion 
130. The length of the side portions 130 is less than the 
length of the central portion 128. The staggering is obtained 
by having one of the side portions 130 on the side 132 of the 
central portion 128 eXtend from a ?rst end 136 of the central 
portion 128 and the other of the side portions 130 on the 
other side 134 of the central portion eXtend from an oppos 
ing end 138 of the central portion. 

[0059] The outer or top surface 140 of the central portions 
128 has a series of three parallel longitudinal sections 142, 
143, and 144. The central section 143 is the highest surface 
of the protection member 100 and in use it is at about equal 
to the height of the contacts 72 in the receptacle 52. The 
surfaces 142 and 144 on either side of the central surface 143 
slope aWay from the central surface 143 toWard the beams 
122 and 124. The side portions 130 of the projections 126 
include a chamfered portion 146 to aid in guiding the 
terminal 28 into engagement With the contacts 72. 

[0060] Each of the openings 100 are de?ned by the void 
formed betWeen the four projections 126 surrounding the 
opening. The openings 100 also form an “S” shape so that 
the contacts 72 are free to de?ect as a male terminal 28 from 
the plug connector 20 are inserted into engagement With the 
contacts 72. 

[0061] Referring to FIG. 12 an optional cover 200 may be 
used to cover the receptacle housing 52 to prevent dirt or 
dust from entering the receptacle before use. The cover 200 
comprises a top member 202 and friction tabs 204 arranged 
about the periphery of the top member 202 for engaging the 
peripheral Wall 56 of the receptacle 52 to frictionally hold 
the cover in place over the terminals 72 and protection 
member 100. If desired the cover could be held in place by 
a snap connection or any other conventional means. 

[0062] While the present invention has been described in 
connection With the preferred embodiments of the various 
?gures, it is to be understood that other similar embodiments 
may be used or modi?cations and additions may be made to 
the described embodiment for performing the same function 
of the present invention Without deviating therefrom. Fur 
ther, the arrangements described can be used With respect to 
components other than connectors, that comprise housings 
formed of insulative materials Which carry elements to be 
fused onto a PWB or other electrical substrate. 

[0063] Therefore, the present invention should not be 
limited to any single embodiment, but rather construed in 
breadth and scope in accordance With the recitation of the 
appended claims. 
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What is claimed is: 
1. A high density connector comprising: 

a receptacle housing having a base Wall and at least one 
lateral Wall de?ning a cavity, said lateral Wall being 
con?gured to nest Within a plug housing; 

a high density array of female electrical contacts arranged 
in said cavity, said contacts being supported in said 
base Wall and extending unsupported above said base 
Wall to a given height; 

a single piece protection member arranged in said cavity 
adjacent said base Wall, said protection member having 
an array of openings in Which said electrical contacts 
extend; and 

said protection member having a thickness selected so 
that said electrical contacts do not generally extend 
beyond an outer most surface of said protection mem 
ber. 

2. The high density connector as in claim 1 having from 
about 100 to about 400 or more openings in said array of 
openings, said array of openings comprising a plurality of 
roWs and columns of said openings. 

3. The high density connector as in claim 1 Wherein said 
electrical contacts de?ect upon insertion of a corresponding 
male contact of said plug housing and said openings are 
con?gured to permit full operation of said contacts including 
said de?ection. 

4. The high density connector as in claim 3 Wherein said 
protection member comprises a plate like member Which is 
arranged in contact With said base Wall. 

5. The high density connector as in claim 4 Wherein at 
least one portion of said protection member secures said 
protection member Within said cavity. 

6. The high density connector as in claim 5 Wherein said 
at least one portion of said protection member comprises a 
tab adapted to snap ?t into said lateral Wall of said recep 
tacle. 
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7. The high density connector as in claim 1 Wherein said 
connector is capable of operation Without said protection 
member. 

8. The high density connector as in claim 6 Wherein said 
at least one lateral Wall includes at a free edge thereof a 
guide surface for guiding said receptacle housing into a 
cavity of said plug housing. 

9. The high density connector as in claim 8 further 
including a plug housing having a base Wall and at least one 
lateral Wall de?ning the cavity, said lateral Wall of said plug 
housing being con?gured receive said lateral Wall of said 
receptacle housing in a nested con?guration; 

a high density array of male electrical contacts arranged 
in said plug housing cavity, said male contacts being 
supported in said base Wall of said plug housing and 
extending unsupported above said base Wall to a 
desired height; and 

Wherein When said receptacle housing is nested in said 
plug housing said male contacts are engaged by said 
female contacts. 

10. The high density connector as in claim 9 Wherein said 
receptacle housing is mounted to a ?rst circuit board and 
said plug housing is mounted to a second circuit board so 
that said connector provides a loW pro?le electrical connec 
tion betWeen said circuit boards. 

11. The high density connector as in claim 9 Wherein said 
lateral Wall of said receptacle includes a plurality of projec 
tions from the outside of said Wall, said projections extend 
ing transverse to a plane of said base Wall of said receptacle 
housing; and Wherein said lateral Wall of said plug housing 
includes a corresponding plurality of slots internally of said 
cavity for receiving said projections. 


